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(54) Title: NON-INVASIVE SPECTROPHOTOMETER 




O 



(57) Abstract: A device for use in non-invasive monitoring of a human or animal subject's bodily functions in vivo, comprises: (a) 
a first optical system for identifying the centre (1 ) of a pupil (13) of an eye of the subject, said first system comprising a first light 
source (2) for directing light towards the eye, first receiving means for receiving light reflected from the iris (4) of the eye, and first 
processing means for determining the position of the centre ( 1) of the pupil (13) from the light reflected (3) from the iris; (b) a second 
optical system comprising a second light source (14) directing light to a focussing means (15) for focussing light in the plane of the 
pupil (13) and for directing the focussed light onto the retina (10) of the eye, a second receiving means for receiving light reflected 
(17) from the letina and back through the pupil (13), and second processing means for analysing the light reflected from the retina 
(10); and (c) alignment n^ans for aligning the second system with the centre ( 1) of the pupil ( 13) as determined by the first system. 
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NON-INVASIVE SPECTROPHOTOMETER 

FIELD OF THE INVENTION 

The present invention relates to a device for use in non-invasive monitoring of a 
human or animal subject's bodily functions in vivo. The device relates, more 
particularly, to such monitoring that uses tight beams directed at, and reflected from, 
various parts of the subject's eye(s) to provide analysable data. 

Monitoring the functions of a human or animal body is necessary In many different 
situations. In the past, blood sample gave been taken from the patient or animal and 
constituents have been measured by spectrophotometry. It is also known to relatively 
invasively measure the constituents in the blood of the patient or of the animal by 
bringing the spectrophotometer into contact with the patient or the animal, by for 
example using modified contact lens systems. The eye, which is the only part of the 
body that is designed to transmit light, thus acts as the curvette for the 
spectrophotometer. 

BACKGROUND ART 

The use of spectrophotometric techniques for monitoring the level and variation of 
one or more parameter(s) indicative of body condition is well known. Thus, US Patent 
Nos. 4,157,708 and 4,402,325 disclose ophthalmic devices incorporating one or 
more plethysmograph assemblies, but these devices have the disadvantage that light 
is assumed to be introduced along the axis of the pupil of the subject's eye. 

In addition, US Patent Nos. 5,553,617 and 5,919,132 describe further nonnnvasive 
methods of measuring body conditions but, again, light introduced into the eye is 
assumed to be directed along the axis of the pupil. 
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SUMMARY OF THE INVENTION 

It is therefore a first aim of the present Invention to overcome the disadvantages of 
the prior art by providing a non-invasive spectrophotomeric system, which ensures 
that light, used to monitor the body condition of a subject, is directed along the axis 
of the eye by being focussed in the centre of the plane of the iris, which is otherwise 
known as being the MaxwelHan view of the pupil. 

It is a second aim of the present invention to provide such a system that minimises 
the potential injury to the iris and other structures of the eye, should light (used for 
spectrophotometric analysis) not be directed through the pupil in Maxwellian view, 
thus overcoming another disadvantage of the prior art. 

A third aim of the present invention is to allow measurement of the amount of light 
illuminating the eye by focussing the light in Maxwellian view. 

Thus, in a first aspect, the present invention provides a device for use in non-invasive 
monitoring of a human or animal subject's bodily functions in vivo, comprising: 

(a) a first optical system for identifying the centre of a pupil of an eye of 
the subject, said first system comprising a first light source for directing 
light towards the eye, first receiving means for receiving light reflected 
from the iris of the eye, and first processing means for determining the 
position of the centre of the pupil from the light reflected from the iris; 

(b) a second optical system comprising a second light source directing light 
to a focussing means for focussing light in the plane of the pupil and for 
directing the focussed light onto the structures within the eye, a second 
receiving means for receiving light reflected from the structures and 
back through the pupil, and second processing means for analysing the 
light reflected from the structures; and 
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(c) alignment means for aligning the second system with the centre of the 
pupil as determined by the first system. 

The device therefore comprises at least three major components. 

The first major component, the first optical system, is preferably provided by 
modifying a standard pupillometer, such as that described in US Patent No. 
5,784,145. Further, the general principles of using pupillometry in this context are 
described in the applicant's previous International Patent Application No. WO/ 
90/12534. 

The second major component, that is the second optical system, is usually provided 
by modifying a standard spectrophotometer and the general principles of using such 
spectrophotometric techniques are again described in the applicant's prior 
International Patent Application No. WO/90/1 2534. A typical example of the type of 
structure within the eye onto which light is focussed is the retina. In the spectroscopy 
field, the eye is in effect the curvette of the body, since it is the only part of the body 
that is designed to transmit light. Thus, measurement of the characteristics of light 
reflected from the eye can give an indication of characteristics of bodily functions in 
general. 

Typically, the third major component, that is the alignment means, is controllable 
either directly by, or independently of, the subject, for example by use of manually 
operated lever (s), button(s}, joystick(s) and/or one or more computer mice. The 
alignment means provides a variable focus capability to the system and may 
optionally operate in an automatic way without personal intervention from either the 
subject or the clinician. Indeed, activation of such alignment may also be 
automatically initiated by the first optical system, once the centre of the pupil in 
Maxwellian view has been determined. 

In one embodiment, the device is arranged to project an image processed by the first 
processing means onto the retina of the operator (whether the subject or not), so as 
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to allow the operator to be able to perceive when the position of the centre of the 
pupil has been determined and so be able to operate the alignment means 
appropriately. 

In addition, the device may be arranged to gather data from either a selected eye or 
from both eyes of the subject, that is, to be a monocular or binocular system. 

Typically, the first light source emits infra-red light, for example from one or more 
LED(s). 

Preferably, the second receiving means comprises one or more crystal charged device 
(ccd) 'type camera(s). 

In one embodiment, the first optical system is adapted to monitor, in particular, the 
location of the edge(s) of the pupil(s), so as to allow calculation of the centre of the 
pupil(s) by the first processing means. 

Preferably, the first and second light sources comprise one or more optical fibre(s) for 
transmitting light towards the eye(s). In a particularly preferred arrangement, the 
optical fibre(s) are arranged to function as both the light input means and the light 
receiving means. 

In one embodiment, the second light source and the second receiving means are 
arranged to monitor the intensity of light of a selected wavelength returning from the 
retind(s) of the eye(s). 

In an alternative embodiment, the second light source and second receiving means are 
arranged to monitor the intensity of light of different wavelengths returning from the 
retina<s) of the eye(s), thereby enabling an absorbance/reflectance characteristic of 
the retina(s) to be determined. 
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The first and second optical systems may have parts in common. Thus, for example, 
the first and second receiving means can optionally be provided by the same unit. 
Likewise, the first and second processing means can also be the same processing 
means, if desired. 

The expression ''human and bodily functions" used herein is intended to include the 
wide variety of different functions that a medical or veterinary practitioner may wish 
to non-invasively monitor or measure. In particular, it is intended to include the 
monitoring of any substances and changes in the blood of the retina and any 
biochemical (organic or inorganic) changes in the cells of the retina of the subject. In 
addition, any or all of these changes can be monitored in conjunction with changes in 
the electrical, biochemical or pathological activity of the retina or of the brain. 

The term "light" used herein is, unless otherwise specified, intended to include visible 
wavelengths and non-visible wavelengths such as infra-red and ultra-violet light, that 
are non-injurious to the eye and the structures contained within the eye. 

The present invention will now be described in further detail by way of the following 
non-limiting examples with reference to the drawings, in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a schematic representation of the first optical system of an 
embodiment of the present invention; 

Figure 2 illustrates an image of the eye on a computer screen, as may be used In one 
embodiment of the present invention; and 

Figure 3 shows a schematic representation of the second optical system of an 
embodiment of the present invention. 
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BEST MODE 

In Figure 1 , a first optical system is shown that is capable of identifying the centre 1 
of a pupil of an eye of a subject. This first system comprises a first light source 2 
that directs light of an infra-red wavelength towards the eye, a first receiving means 
(not shown) that receives light subsequently reflected 3 from the iris 4 of the eye, 
and a first processing means (not shown) that then determines the position of the 
centre 1 of the pupil from the light 3 so reflected from the iris 4. 

Input light 5 is directed by one or a bundle of optical fibre(s) that constitute the first 
light source 2 and is emitted towards the eye. The device is enclosed in a housing 1 2 
and, depending upon alignment of this housing 12, the focussed light either passes 
through the pupil or alternatively is reflected by the iris 4. The latter light 1 1 is 
directed back into the housing 1 2 of the device and passes as a beam 3 of reflected 
light that can be detected by the first receiving means. Also shown in Figure 1 are the 
anterior chamber 8 of the eye and the lens 9 of the eye. 

In Figure 2, a Maxwellian view of the eye is shown on a computer screen 6, the view 
being a cross-sectional view of the eye about line A-A' in Figures 1 and 3. The iris 4 
is illustrated surrounding the centre 1 of the pupil 13. A computer-processing unit 20 
represents the first and second processing means and the first and second optical 
systems are depicted as unit 19. 

The first optical system is sequentially alignable with respect to the eye such that the 
first light source 2 directs infra red light either through the pupil 1 3 or onto the iris 4. 
Reflected light 1 1 from the iris forms a beam 3 that is analysed by the first processing 
means, so that the centre 1 of the pupil 1 3 can be determined. Typically, the pixels of 
the image produced by the beam 3 are analysed to determine the location of the 
circumference of the circle represented by the edge of the iris 4. In one option, the 
radius of the circle is then calculated by the first processing means, so that the 
location of the centre 1 can be identified, however other methods of similar 
calculation are clearly possible. 
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In Figure 3, a second optical system is shown that comprises a second light source 
1 4 directing light to a focussing means 1 5 for focussing light in the plane of the pupil 
13 and for directing the focussed light onto the retina 10 of the eye. A second 
receiving means (not shown) receives light 1 7 reflected from the retina 1 0 and back 
16 through the pupil 13. A second receiving and processing means (not shown) is 
provided for analysing the light 17 that is reflected from the retina 10 and back 
through the pupil 1 3 into the housing 1 2 of the device. 

Once the first optical system has been used to locate the centre 1 of the pupil 1 3, the 
alignment means (not shown) of the device can be used to align the secorid optical 
light so that light is shone through the centre 1 of the pupil 1 3 in the plane of the 
pupil 1 3, that is in a Maxwellian view. The alignment process can be effected by way 
of, for example, a joystick (18) (see Figure 2), which can be operated by the 
physician, or the subject themselves. In this way, the operator can view an image of 
the eye being investigated on a screen 6 and, in conjunction, use the joystick 1 8 to 
align the second optical system with the centre 1 of the pupil 13. 

However, the device may be arranged for example such that the first optical system 
operates automatically (i.e. without manual operation). Thus, the first optical system 
may directly activate the alignment means to position the second optical system into 
the correct alignment with the centre of the pupil, so as to provide a Maxwellian view 
of the eye. 

Further, instead of the operator viewing the image of the eye on a screen, such an 
image may be transferred directly onto the retina of the operator, for example by way 
of the second optical system itself. 

As shown in Figure 3, input light 14 is directed via an optical fibre from which it is 
emitted so as to pass through a focussing means 15 and out of the housing 12 of the 
device towards the centre 1 of the pupil 13. Light 16, which is reflected back from 
the retina 10 and back through the pupil 13, subsequently passes back into the 
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device and travels as a i3eam 17 along one or more optical fibres to the second 
processing means. 

The second processing means analyses the beam 17 to determine the 
absorbance/reflectance spectrum of the retinal blood supply. Any combination of 
mono-chromatic lights or white light, as well as wavelengths in the infra-red or ultra- 
violet spectra can be used. Specific, selected wavelengths permit optimal 
discrimination of the various blood components, as well as optimal discrimination of 
the various retinal biochemical functions and components. 

In this way, it is, for example, possible to provide an accurate measurement of the 
oxygen saturation of the retinal blood flow and, since this is more proximal to blood 
flow in the toe, finger or ear (as measured by well known prior techniques), it can 
provide the clinician with a more accurate assessment of the oxygen content of blood 
delivered to the brain. 

The system described above can be used for a wide range of applications. For 
example, it is possible to measure any , or all, of the constituents of the blood of a 
subject, in vivo. Additionally, when appropriate wavelengths are used, it is also 
possible to measure the constituents of the cells of the retina or to measure 
physiological and or pathological changes in the cells of the retina. It is possible to 
measure the biochemical activity of these cells, in real time- 
Further, it is possible also to use the system to measure the unique DNA profile of 
any individual and thus provide security checks. For example, a monocular system 
can be used as part of a cash-dispensing machine, in which the identity of the person 
wishing to withdraw cash is checked via non-invasive DNA analysis of the retinal 
ceils. 

Whereas police currently use breathylisers to check a driver's blood alcohol levels at 
the road side, using the present system would not only allow such analysis to be 
more accurately performed, but would also allow analysis of any number of other 



wo 02/071932 



PCT/GB02/0I083 



9 

drugs that can be detrimental to driving, which may also be present in a driver's 
blood. 

Moreover, the system is also more suitable for monitoring the blood glucose levels of 
diabetic patients than conventional needle-based methods, since it is non-invasive. 

It is also possible to measure changes in the arteries and veins of the retina, which 
may be an indication of generalised arterial and venous disease. Thus, in diabetic 
patients, who typically can suffer from such generalised arterial disease, it would be 
possible to non-invasively chart the progression of the disease. 

Hence, in general, the system in effect provides the subject with the resources of a 
non-invasive, real time biochemical and haematological laboratory. 

The system can measure visual evoked potentials more accurately than conventional 
means, because it is possible to give an accurate amount of light and so the 
amplitude of response can also be assessed. Conventionally, by contrast, only latency 
of response is measured. Thus, the present system allows for the assessment of any 
electrical activity of the retina, so that the activity of the visual areas of the brain can 
be assessed. 

The measurements made possible with the present system can be of static samples or 
of continuous samples in real time. 

Thus, the present invention provides a simple, yet effective way of ensuring that 
spectrophotometric analysis of a subject can be effected by aligning the light used so 
that it passes through the centre of the pupil(s) of the subject's eye(s) to provide a 
Maxwellian view. This ensures that the spectrophotometric measurements made can 
be accurate and that potential injury, that could otherwise ensue, to the subject's 
iris(es) and other eye structures is avoided. 
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CLAIMS: 

1 A device for use in non-invasive monitoring of a human or animal subject's 
bodily functions in vivo, comprising: 

(a) a first optical system for identifying the centre of a pupil of an eye of 
the subject, said first system comprising a first light source for directing 
light towards the eye, first receiving means for receiving light reflected 
from the iris of the eye, and first processing means for determining the 
position of the centre of the pupil from the light reflected from the iris; 

(b) a second optical system comprising a second light source directing light 
to a focussing means for focussing light in the plane of the pupil and for 
directing the focussed light onto the structures within the eye, a second 
receiving means for receiving light reflected from the structures and 
back through the pupil, and second processing means for analysing the 
light reflected from the structures; and 

(c) alignment means for aligning the second system with the centre of the 
pupil as determined by the first system. 

2. A device as claimed in claim 1, wherein the alignment means is controllable 
either directly by, or independently of, the subject. 

3. A device as claimed in either claim 1 or claim 2, wherein the alignment means 
is controllable by use of manually operated lever(s), button(s), joystick(s) 
and/or one or more computer mice. 



4. A device as claimed in any preceding claim, wherein the first and second 
receiving means are provided by a single receiving means* 
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5. A device as claimed in any preceding claim, wherein the first and second 
processing means are provided by a single processing means. 

6. A device as claimed in any preceding claim, wherein the device is arranged to 
project an image processed by the first processing means onto the retina of the 
operator (whether the subject or not), so as to allow the operator to be able to 
perceive when the position of the centre of the pupil has been determined and 
so be able to operate the alignment means appropriately. 

7. A device as claimed in any preceding claim, wherein the device is arranged to 
gather data from either a selected eye or from both eyes of the subject. 

8. A device as claimed in any preceding claim, wherein the first light source emits 
infra red light. 

9. A device as claimed in any preceding claim, wherein the first light source 
comprises one or more LED(s). 

10. A device as claimed in any preceding claim, wherein the first or second 
receiving means comprises one or more ccd camera(s). 

11. A device as claimed in any preceding claim, wherein he first optical system is 
adapted to monitor the location of the edge(s) of the pupil(s) so as to allow 
calculation of the centre of the pupjl(s) by the first processing means. 

12. A device as claimed in any preceding claim, wherein the first and second light 
sources comprise one or more optical fibre(s) for transmitting light towards the 
eye(s). 

13. A device as claimed in claim 12, wherein the optical ftbre(s) are arranged to 
function both as light input means and light receiving means. 
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14. A device as claimed in any preceding claim, wherein the second light source 
and second receiving means are arranged to monitor the intensity of light of a 
selected wavelength returning from the retina(s) of the eye(s). 

15. A device as claimed in any of claims 1 to 13, wherein the second light source 
and second receiving means are arranged to monitor the intensity of light of 
different wavelengths returning from the retina(s) of the eye(s), thereby 
enabling an absorbance/reflectance characteristic of the retina(s) to be 
determined. 

16. A device substantially as hereinbefore described with reference to, and/or as 
illustrated by, the accompanying drawings. 
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